1 ). Fibromyalgia patients may present with the symptoms of fatigue, widespread body pain and tenderness, headache, heartburn, abdominal pain, bloating and diarrhea, cognitive deficits, depression, and sleep-onset and sleep-maintenance insomnia. 2 These subjective complaints of fibromyalgia patients are associated with the objective findings of alpha-wave intrusion into stages 1 and 2 non-rapid eye movement (NREM) sleep and alpha-delta sleep. 3 Because the etiology of fibromyalgia is unknown, its treatment is symptomatic. Patients with fibromyalgia often receive a combination of psychotherapy, physical therapy, psychotropic medications, and analgesics. The efficacy of fibromyalgia treatment is limited, and people with fibromyalgia often live with chronic insomnia, fatigue, and pain. 2 Previous investigators have demonstrated an association between sleep-disordered breathing and fibromyalgia. [4] [5] [6] May and associates 6 evaluated 92 women and 25 men with a new diagnosis of fibromyalgia for the presence of obstructive sleep apnea-hypopnea (OSAH). While 44% of the men with fibromyalgia had OSAH, only 2% of the women with fibromyalgia had OSAH. They concluded that although an association appears to exist between fibromyalgia and OSAH in men, no such relationship exists in women.
INTRODUCTION
Over the past decade, it has become evident that mild inspiratory flow limitation during sleep may cause sleep fragmentation and daytime sleepiness and fatigue. This form of sleep-disordered breathing, the upper-airway resistance syndrome (UARS), 7 is caused by increased airway collapsibility during sleep that is intermediate between that of normal subjects and patients with mild to moderate OSAH. 8 In a recent study, 9 we demonstrated that, with the exception of widespread body pain and tenderness, the symptoms of patients with UARS are very similar to those of patients with fibromyalgia. In addition, we demonstrated that 24% of UARS patients have electroencephalographic evidence of alpha-delta sleep. The similarity of the clinical findings of UARS and fibromyalgia suggests that the 2 disorders may share a common pathophysiology.
Although OSAH is an uncommon finding in women with fibromyalgia, 6 the relationship between milder inspiratory flow limitation during sleep and fibromyalgia in women is unexplored. We hypothesize that the common pathophysiology shared between UARS patients and fibromyalgia patients is inspiratory flow limitation during sleep. The inspiratory flow limitation of fibromyalgia patients, like that of UARS patients, results from increased upper-airway collapsibility during sleep. Furthermore, we hypothesize that splinting of the upper airway during sleep, preventing inspiratory flow limitation, will improve the functional symptoms of fibromyalgia patients. To begin examining the relationship between inspiratory airflow dynamics during sleep and fibromyalgia in women, we have examined consecutive female fibromyalgia patients for the presence of inspiratory flow limitation during sleep. We compared inspiratory airflow dynamics between the women with fibromyalgia and a matched group of women with UARS. We compared upper-airway collapsibility during sleep between the fibromyalgia patients and the UARS patients by comparing their values of pharyngeal critical pressure (Pcrit). In addition, we examined the effects of splinting the upper airway during sleep with nasal continuous positive airway pressure on the functional symptoms of women with fibromyalgia.
METHODS

Study Population Fibromyalgia
The study sample included 28 women with fibromyalgia ( Figure 1a) . The first 16 patients were consecutive female patients with fibromyalgia referred to the Stony Brook University Sleep Disorders Center between February 1999 and August 2000 with complaints of disturbed sleep and fatigue or sleepiness. The Stony Brook University Sleep Disorders Center is an academic center that is not typical of pulmonary-administered sleep disorders centers. Because we have had a strong clinical and research interest in UARS for the past 5 years, 8, 9 women constitute nearly half the referrals to our center. This has resulted from our referring physicians learning that complaints of sleep-onset insomnia and fatigue or tiredness, even in the absence of snoring, are reasons to evaluate a patient for sleep-disordered breathing. 9 For this reason, we came to evaluate 16 women with fibromyalgia over this 1.5-year period.
The remaining participants were 12 consecutive women with fibromyalgia who volunteered to participate in a treatment study administered by 1 of the authors (JB). The treatment study began after our consecutive patient series was complete (October 2000) and included in its protocol, a screening study for inspiratory flow limitation during sleep. For every patient in both groups, the diagnosis of fibromyalgia was established by a board-certified rheumatologist using American College of Rheumatology criteria. 10 
Upper-Airway Resistance Syndrome
In order to compare the inspiratory airflow-dynamics data and Pcrit values of the women with fibromyalgia to those of a sample of women with UARS, we examined the data obtained in our previous study of inspiratory airflow dynamics during sleep and Pcrit in UARS patients (Figure 1b) . 8 Because our UARS patient sample in that study (17 men and 5 women) did not provide a large enough sample of women with UARS, we extracted the data from the 5 women with UARS who had participated in our previous study and added data on inspiratory airflow dynamics from the next 6 consecutively studied women with UARS in whom Pcrit values were obtained. This provided a dataset from a sample of 11 women with UARS with which to compare our data from the women with fibromyalgia. As in our previous studies of UARS patients, 8, 9 we diagnosed UARS in patients with a complaint of daytime fatigue or sleepiness who did not meet diagnostic criteria for OSAH, narcolepsy, or periodic limb movement disorder and whose complaint of fatigue or sleepiness was associated with inspiratory flow limitation while breathing at atmospheric pressure during a nasal CPAP titration study (described below).
Publication of the consecutive female fibromyalgia patient data, the female UARS patient data, and the fibromyalgia treatment study protocol were approved by the Institutional Review Board of Stony Brook University. Informed consent was obtained from each of the treatment study patients.
Initial Evaluation
All of the patients completed a detailed medical and sleep-related questionnaire before being evaluated by a physician board-certified in both internal medicine and sleep medicine. The physician performed a general medical and sleep-related history and physical examination.
Full-Night Polysomnography
The 16 consecutive patients with fibromyalgia and 2 of the 12 treatment-study participants (the 2 were recruited after evaluation at the Stony Brook University Sleep Disorders Center) had full-night polysomnography ( Figure 1a , Table 1 ). The 10 remaining treatmentstudy patients did not have full-night polysomnography before their nasal CPAP studies. The 11 patients with UARS all had full-night polysomnography (Figure 1b, Table 1 ).
Full-night polysomnography was performed using standard methodology. Airflow at the nose and mouth was monitored with a thermocouple. Thoracoabdominal movement was monitored with piezoelectric belts. Oxyhemoglobin saturation was monitored at the finger using a pulse oximeter.
Sleep was staged using the scoring system of Rechtschaffen and Kales 11 with the modifications of Flagg and Coburn 12 for sleep-disordered breathing. The presence of alpha-delta sleep was identified by the characteristic low-frequency (< 2 cycles per second) high-amplitude (> 75 µV peak to trough) delta waves with superimposed 7 to 11 cycle per second alpha waves. Electroencephalographic arousals not associated with hypopnea or apnea were identified using the American Sleep Disorders Association Atlas Task Force criteria. 13 For each patient, the total of arousals not associated with hypopnea or apnea was divided by the total sleep time to derive an arousal index (arousals per hour).
We quantified an apnea-hypopnea index (AHI) for each patient. The diagnosis of OSAH was established by an AHI of at least 10 events per hour of sleep.
Nasal CPAP Study
All 28 of our patients with fibromyalgia and our 11 patients with UARS had a nasal CPAP study (Figures 1a, 1b ; Table 1 ). The study was performed to identify the presence of inspiratory flow limitation at atmospheric pressure and to determine the appropriate CPAP level to overcome the inspiratory flow limitation. Each patient slept wearing a nasal CPAP mask connected to a source of pressure varying between +20 cmH 2 O and -20 cmH 2 O. Nasal airflow was measured with a heated pneumotachograph. Inspiratory effort was measured as a change in esophageal pressure (Pesoph) using a balloon-tipped catheter.
Inspiratory flow limitation during sleep at atmospheric pressure (between +1 cmH 2 O and -1 cmH 2 O) was considered to occur when inspiratory flow reached a plateau despite a Pesoph that continued to decrease. When inspiratory flow limitation was demonstrated at atmospheric mask pressure (Pmask), we characterized the airflow dynamics by measuring both the maximal inspiratory flow ( imax) and the inspiratory change in Pesoph (∆Pesoph) for 5 to 8 consecutive breaths during continuous NREM sleep. To determine each patient's prevalence of flow-limited breaths at atmospheric pressure, we sampled a continuous period of approximately 4 minutes of continuous sleep (no epochs of wakefulness during the period but arousals were permitted). Each breath during the period (including breaths during arousals) was evaluated by our criteria for flow limitation and categorized as flow limited or nonflow limited. The prevalence of flow-limited breaths was determined by dividing the total of flow-limited breaths by the total of breaths during the period. Pmask was then raised in 1-cmH 2 O increments while inspiratory flow and effort were monitored until inspiratory airflow limitation was abolished and ∆Pesoph was minimized. This level of Pmask was termed the therapeutic CPAP (Ptherapeutic).
For each fibromyalgia patient, we attempted to determine the pharyngeal Pcrit (the nasal mask pressure at which the upper airway occludes during NREM sleep and an index of upper-airway collapsibility) using the same steady-state method that we have detailed in our previous study of upper-airway collapsibility in UARS. In addition, we calculated resistance upstream to the site of flow limitation (Rus) using the equation: Rus = -Pcrit/ imax, as previously described. 8 Each of our 11 UARS patients had a determination of pharyngeal Pcrit and Rus (only patients in whom we accomplished a Pcrit determination were included in the sample.)
Evaluating Functional Symptoms
All clinical fibromyalgia patients who elected to undergo nasal CPAP treatment of inspiratory flow limitation during sleep completed a selfreport functional-symptom questionnaire before and after 3 weeks of nasal CPAP treatment during which at least 5 hours of use per night was requested. Compliance with treatment was assessed by patient report.
Functional symptoms were evaluated with the Clinical Health Assessment Questionnaire 14, 15 (CLINHAQ) . The CLINHAQ contains self reports from the Health Assessment Questionnaire Functional Disability Index 16 ; the Arthritis Impact Measurement Scales Anxiety Index and Depression Index 17 ; and double-anchored visual analogue scales (VAS) for pain, gastrointestinal symptoms, sleep problems, fatigue and global severity, satisfaction with health, patient estimate of health status, and work ability.
In addition to the functional parameters directly assessed by the CLINHAQ, we calculated a derived parameter, the rheumatology distress index. The rheumatology distress index is an index of distress that has been validated in a large sample of rheumatology patients. 14 It is derived by normalizing the CLINHAQ anxiety index and depression index and the VAS for global severity, sleep problems, and fatigue to a 0 to 100 scale. The 5 parameters are then averaged to obtain the rheumatology distress index.
Statistical Analysis
Differences in parameters between the 2 groups of patients were analyzed statistically using unpaired t tests. The changes between pre-CPAP and post-CPAP CLINHAQ parameters were analyzed statistically using paired t tests. Correlations between changes in CLINHAQ parameters with treatment were determined using the Pearson correlation coefficient.
RESULTS
Our fibromyalgia patients were 44 ± 11 years of age (mean ± SD; range, 18 -63 years) with a body mass index (BMI) of 29 ± 8 kg/m 2 (range, 18 -45). The 18 patients who had full-night polysomnography were matched for age with the 10 patients who did not have polysomnography (43 ± 12 years and 47 ± 8 years, respectively; P = .39) but tended to have a greater BMI (31.7 ± 7.7 kg/m 2 and 25.8 ± 6.8 kg/m 2 , respectively; P = .054). Eleven of the 28 patients with fibromyalgia (39%) had the polysomnographic finding of alpha-delta sleep (For patients without full-night polysomnography, alpha-delta sleep was observed in the CPAP study.). Of the 28 patients with fibromyalgia, 12 claimed to snore loudly or heavily, 2 snored mildly, 4 snored occasionally, and 10 denied snoring. The 14 patients who denied snoring or snored occasionally were equally distributed between the referral group and the treatment-study group. Our patients with UARS were well matched for both age and BMI with our patients with fibromyalgia (Table 2) .
Two classes of medication used to treat fibromyalgia are known to affect upper-airway collapse during sleep. The opiates are respiratory depressants and may promote upper-airway collapse during sleep, 18 while the selective serotonin reuptake inhibitors tend to prevent upperairway collapse by activating the upper-airway musculature. 19, 20 Six of our 28 patients were using hydrocodone on an as-needed basis. Three of these 6 patients listed hydrocodone among the medications taken on the day preceding the CPAP study. Three of our 28 patients were taking selective serotonin reuptake inhibitors (paroxetine, citalopram, and fluvoxamine). None of the patients took drugs from both classes. The 18 patients with fibromyalgia who were evaluated with full-night polysomnography had an AHI of 2.4 ± 4.5 events per hour and an arousal index (arousals unrelated to apneas and hypopneas) of 30.0 ± 13.7 arousals per hour. Only 1 of the patients qualified for a diagnosis of OSAH, with an AHI of 17.7 events per hour. Ninety percent of this patient's disordered breathing time was hypopnea.
Inspiratory Airflow Dynamics During Sleep in Women with
While breathing at atmospheric pressure during the nasal CPAP study, 26 of the 27 fibromyalgia patients without OSAH experienced inspiratory flow limitation during NREM sleep (Figure 2a + 2b) . We sampled 61 ± 17 consecutive breaths at atmospheric pressure per patient and found a prevalence of flow-limited breaths of 90% ± 13%. Therefore, inspiratory flow limitation was the prevalent breathing pattern during sleep among the fibromyalgia patients. The mean imax for the fibromyalgia patients with inspiratory flow limitation was 169 ± 90 mL per second and the mean inspiratory ∆Pesoph was 13 ± 9 cmH 2 O. The Ptherapeutic was 7 ± 2 cmH 2 O. At Ptherapeutic, the mean inspiratory ∆Pesoph for the group was 6 ± 5 cmH 2 O, representing a 7-cmH 2 O decrease in inspiratory effort from a Pmask of atmospheric pressure. The nasal CPAP findings confirm that the 30.0 ± 13.7 arousals per that were experienced by the 18 fibromyalgia patients who underwent full-night polysomnography were respiratory-event-related arousals.
One patient had no evidence of inspiratory flow limitation (Figure 2c ). This patient was not using selective serotonin reuptake inhibitors. Of 301 breaths recorded at atmospheric pressure, all had a rounded contour and nearly all had cardiac artifact in the inspiratory limb (changes in airflow associated with cardiac filling and emptying that demonstrate a non-flow-limited state.). Inspiratory effort was between 2 cmH 2 O and 5 cmH 2 O and was difficult to measure precisely because the cardiac artifact in the esophageal-catheter tracing was nearly as large as the respiratory effort (Figure 2c ). Because this patient did not have a full-night polysomnogram, we do not know how the absence of inspiratory flow limitation during NREM sleep relates to this patient's arousal index. When nasal mask pressure was decreased to determine upper-airway Pcrit, the inspiratory airflow plateau, characteristic of inspiratory flow limitation, was observed consistently at a mask pressure of -3 cmH 2 O (Figure 2c) .
The upper-airway airflow dynamics during sleep of the UARS patients were comparable to those of the fibromyalgia patients (Table 2) fibromyalgia patients compared to the UARS patients. We sampled 58 ± 18 consecutive breaths at atmospheric pressure per UARS patient and found a prevalence of flow-limited breaths of 91% ± 12% (a prevalence nearly identical to that of the fibromyalgia patients).
The Pcrit values for our fibromyalgia patients (-6.5 ± 3.5 cmH 2 O) and UARS patients (-5.8 ± 3.5 cmH 2 O) are illustrated in Figure 3 alongside the values for normals (-15.4 ± 6.8 cmH 2 O), male patients with UARS (-3.4 ± 1.4 cmH 2 O), patients with mild to /moderate OSAH (-1.6 ± 2.6 cmH 2 O), and patients with moderate to severe OSAH (2.4 ± 2.8 cmH 2 O), upon whom we have reported previously. 8 The Pcrit of our female patients with UARS was significantly lower than that of male patients with UARS (P = .02; this difference was not appreciated during our previous study 8 ). We successfully obtained Pcrit values for 14 of our 28 patients with fibromyalgia ( Table 1) . The remaining 14 patients with fibromyalgia did not sleep continuously enough at subatmospheric Pmask to allow for a Pcrit determination. One of the 14 patients demonstrated 2 distinct patterns of airflow dynamics that were accompanied by 2 different amplitudes of the superficial chin electromyogram ( Figure  4) . For this patient, we obtained 2 values of Pcrit that are connected with a line in Figure 3 . The 2 Pcrit values of this patient were averaged to provide a single value for determining a mean Pcrit for the fibromyalgia patients.
The effect of nasal CPAP treatment upon functional symptoms in our 16 consecutive patients with fibromyalgia is illustrated in Figure 5 . Table 3 presents questions and anchors for the VAS data presented in Figure 5 . Of our 16 patients, 14 chose to try nasal CPAP treatment, 1 chose a mandibular advancement appliance, and 1 declined treatment of inspiratory flow limitation during sleep. Figure 5 demonstrates a 46% improvement in fatigue, a 38% improvement in pain, a 39% improvement in sleep problems, and a 47% improvement in gastrointestinal symptoms after 3 weeks of nasal CPAP treatment. Changes in fatigue after 3 weeks of nasal CPAP treatment correlated with changes in sleep problems (R = 0.66, P = .0135). Changes in fatigue also tended to correlate with changes in pain (R = 0.53, P = .0754) and gastrointestinal problems (R = 0.50, P = .0828).
Three weeks of nasal CPAP treatment also decreased the level of functional disability and distress experienced by the patients. Functional disability, represented by the Health Assessment Questionnaire disability index, decreased by 23% ( Figure 5 ). Distress, represented by the rheumatology distress index, decreased by 33% from 62.8 ± 17.7 (comparable to a previously published value for fibromyalgia patients 14 ) to 42.2 ± 23.3 (comparable to a previously published value for patients with osteoarthritis and rheumatoid arthritis 14 , (Figure 5) ). Of the 14 fibromyalgia patients who tried nasal CPAP treatment, 5 (36%) remained on nasal CPAP 9 months to 21 months after the trial. One of the latter patients, an unemployed nurse (because of symptoms), returned to full employment.
DISCUSSION
In this study, we compared upper-airway inspiratory airflow dynamics during sleep between women with fibromyalgia and women with UARS. We observed inspiratory flow limitation during sleep in 96% of the fibromyalgia patients. As in a previous study, 6 only 4% of women with fibromyalgia patients had OSAH. The remaining 92% had higher levels of maximal inspiratory airflow during sleep, characteristic of women with UARS. Parameters describing sleep-disordered breathing and inspiratory airflow dynamics, such as AHI, arousal index, prevalence of flow-limited breaths during sleep, imax, Pcrit, and Ptherapeutic were comparable between women with fibromyalgia and women with UARS. Treatment of our fibromyalgia patients' inspiratory flow limitation during sleep with nasal CPAP resulted in an improvement in their functional symptoms. Our findings demonstrate that inspiratory flow limitation during sleep is commonly observed in women . The right panel demonstrates inspiratory airflow limitation at a higher superficial chin EMG activity. Notice the higher maximal inspiratory airflow at the higher EMG activity. The higher EMG activity corresponds to a lower pharyngeal critical pressure (Pcrit) value (Figure 3, connected points) . Notice the relative absence of esophageal pressure (Pesoph) swings in both panels. This patient had no evidence of diaphragmatic inspiratory activity during waking supine breathing (abdomen did not move outward on inspiration). Labels are defined in the legend to Figure 2a. with fibromyalgia, a group previously thought to be without sleep-disordered breathing. 6 The similar inspiratory airflow dynamics during sleep of women with fibromyalgia and women with UARS, together with their similar symptoms (previously demonstrated 9 ), suggest that these 2 syndromes have a similar pathophysiology.
We believe that the female patients with fibromyalgia in this study are similar to female patients with fibromyalgia reported in the literature. The American College of Rheumatology 10 has proposed criteria for the diagnosis of fibromyalgia that include (1) widespread pain in combination with (2) tenderness at 11 of 18 specific tender point sites. Although widely accepted diagnostic criteria for fibromyalgia have been established, the diagnostic criteria are based upon subjective findings. The only readily obtainable objective finding of fibromyalgia patients is alpha-delta sleep. Alpha-delta sleep is not specific for fibromyalgia, however, and has been described in individuals with other functional somatic syndromes. 21, 22 To increase the probability that our female patients with fibromyalgia truly had the syndrome, we studied patients only if their diagnosis of fibromyalgia was established by a rheumatologist using American College of Rheumatology criteria. 10 Our resulting group of female patients with fibromyalgia was comparable in age to previously published patient samples. 3, 6 Our patients had a prevalence of alpha-delta sleep of 39%, similar to the 50% observed by Roizenblatt and associates 3 in a group of 40 female patients with fibromyalgia. Our patients had a prevalence of OSAH of 4%, similar to the 2.2% prevalence observed by May and associates 6 in 92 female patients with fibromyalgia. Our patients had a rheumatology distress index of 62.8 ± 17.7, comparable to the value of 58.3 ± 17.0 published for fibromyalgia patients by Wolfe and Skevington. 14 The comparability of findings between our patient sample and previously described samples of female patients with fibromyalgia suggests to us that our patients are representative of female patients with fibrormyalgia.
Although our sample of women with fibromyalgia appears to be similar to other groups of fibromyalgia patients in the literature, can we be certain that they are representative of the population of women with fibromyalgia with respect to the prevalence of inspiratory flow limitation during sleep? Could our sample be strongly biased in favor of women with fibromyalgia who have concomitant inspiratory flow limitation? In this preliminary study, we took patients from 2 sources. Our group referred for sleep evaluation could have been biased in favor of having sleep-disordered breathing. It is less likely that our group participating in a treatment study was biased toward having sleep-disordered breathing. Examining the tendency to snore within our sample, however, provides some perspective on our findings. While 50% of our fibromyalgia patients did not snore regularly, 96% of our patients had inspiratory flow limitation during sleep. Moreover, all 10 of the patients who denied snoring had inspiratory flow limitation. Therefore, it is not likely that a strong bias toward sleep-disordered breathing patients in our sample accounts for our results. Nevertheless, the question of bias is an empirical question that will only be resolved in subsequent studies. It will be necessary to directly recruit a representative sample of fibromyalgia patients from a large base of clinical patients (eg, a large rheumatology practice). Recruitment should be based solely on the diagnosis of fibromyalgia and not on physician referral or on symptoms suggestive of a sleep disorder.
Although the presence of inspiratory flow limitation during sleep in 27 of 28 female fibromyalgia patients allows us to hypothesize an association between the 2, in order to assess the strength of that association, we must know the odds of having inspiratory flow limitation if a woman does not have fibromyalgia (which would allow us to calculate an odds ratio). In our study, we do not present data on inspiratory airflow dynamics during sleep at atmospheric pressure for women without fibromyalgia. Although we do not have airflow-dynamics data for normal women sleeping at atmospheric pressure, our previous work on the airflow dynamics of patients with sleep-disordered breathing suggests that inspiratory flow limitation during sleep is uncommon in normal subjects. In our previously published study of upper-airway collapsibility in UARS patients, 8 Table 3 . The effect of nasal CPAP treatment upon the disability index and the rhematology distress index, an index of distress in rheumatology patients (see Methods for derivation), is also demonstrated. Nasal CPAP treatment for 3 weeks produced improvements in all the functional parameters that were both statistically and clinically significant. between Pcrit and therapeutic CPAP pressure (the pressure that eliminates inspiratory flow limitation) for UARS patients. In the same study, our 12 normal subjects (8 women and 4 men) had a Pcrit of -15.4 cmH 2 O, which is 15.4 cmH 2 O below the nasal pressure at which they sleep. Only 3 normal subjects, all women, had a Pcrit above -12 cmH 2 O (Figure 3 ). If the relationship between Pcrit and nasal pressure for normal female subjects is similar to that for patients with UARS, then we would anticipate a much lower prevalence of inspiratory flow limitation during sleep among normal female subjects than among women with fibromyalgia. To verify this assumption, future investigations of inspiratory airflow dynamics during sleep in patients with fibromyalgia will require a control group matched for sex, age (menopausal status), and body mass index. All control subjects should be without fatigue or sleepiness (the chief symptom) and should also be without key symptoms of the functional somatic syndromes. 9 In this way, the strength of the association between inspiratory flow limitation during sleep and fibromyalgia can best be determined.
Another issue to be considered in future studies is the definition of inspiratory flow limitation during sleep. In this study, as in previously published research, 7, 8 we considered flow limitation to occur when inspiratory flow reached a plateau despite a Pesoph that continued to decrease. A more-precise definition of inspiratory flow limitation has been used by Rowley and associates 23 in their study of the influence of sex upon inspiratory airflow dynamics during sleep. For each inspiration during sleep, Rowley and associates plotted flow against pressure and recognized inspiratory flow limitation as a plateau in inspiratory flow despite an increase in driving pressure of 1 cmH 2 O. This latter definition makes flow limitation dependent upon not only a plateau in airflow, but also a minimum increase in driving pressure beyond the plateau. Because it is possible that fibromyalgia patients differ from normal subjects not only in the prevalence of an inspiratory airflow plateau during sleep, but also in the increase in effort that is associated, the latter definition of flow limitation may be better suited for comparing the 2 groups in future studies.
The demonstration of inspiratory flow limitation during sleep in women with fibromyalgia raises an interesting therapeutic question. Does splinting the upper airway of women with fibromyalgia during sleep ameliorate their symptoms of fibromyalgia? The 2 principal symptoms of fibromyalgia are pain and fatigue or sleepiness. In patients with UARS treated with nasal CPAP, Guilleminault has demonstrated a resolution of subjective sleepiness associated with a significant increase in sleep latency from 5.3 minutes to 13.5 minutes by sleep-latency testing. 7 While similar changes in fatigue or sleepiness might be predicted in fibromyalgia, no data supporting this hypothesis have been published. May and associates 6 mention some improvement of fibromyalgia symptoms in those patients with OSAH treated with nasal CPAP. Their paper, however, does not specify which symptoms improved and does not quantify the improvement. In this study, we have demonstrated a 23% to 47% improvement in parameters reflecting functional symptoms in fibromyalgia patients after upper-airway splinting during sleep with nasal CPAP. In the absence of a placebo control, however, we cannot rule out some degree of placebo response. With the recent development of placebo CPAP breathing circuits, and their use to test the efficacy of nasal CPAP in OSAH, 24 it should be possible to include a placebo control in future studies of the effects of nasal CPAP on the functional symptoms of fibromyalgia.
As has been observed among patients with OSAH, patient compliance and tolerance of nasal CPAP emerged as an issue in our patients with fibromyalgia. Despite reports of marked improvements in functional symptoms, only 36% of our patients remained on nasal CPAP beyond 9 months. This compliance rate contrasts with the rate of approximately 67% published for OSAH patients. 25, 26 There are several differences between our patients and OSAH patients, however, that may contribute to the different rates of compliance. First, unlike the predominantly male population that has been evaluated in studies of OSAH compliance, our patients were women. There may be sex-related differences in CPAP compliance. Second, 67% of our patients had rhinitis (at least 2 of the following symptoms: chronic nasal stuffiness, post nasal drip, or nasal allergies 9 ). Rhinitis is a common complaint among patients with functional somatic syndromes. 27, 28 In our study of the symptoms of UARS, 9 rhinitis was found in approximately 45% of our 50 patients with OSAH. Because rhinitis can increase nasal resistance (Table 2 ) and affect one's ability to breathe nasally, a higher prevalence of rhinitis in our fibromyalgia patients may have decreased their compliance with nasal CPAP. In addition, many of our fibromyalgia patients reported difficulty tolerating the nasal mask. Their problems included skin rashes, erythema, and discomfort breathing against positive pressure. This may be consistent with the emerging data that fibromyalgia patients evidence lower discomfort thresholds for various sensory stimuli. 29 We expect that nasal CPAP treatment of fibromyalgia patients will require a high degree of initial support to enhance patient tolerance of the device. When patients with fibromyalgia do not tolerate nasal CPAP, oral mandibular advancement appliances may adequately splint their upper airways 30 and may be better tolerated.
In this study, we have presented evidence of a high prevalence of inspiratory flow limitation during sleep in women with fibromyalgia. This observation extends the observations already made concerning the relationship between mild inspiratory flow limitation during sleep and human illness. Guilleminault and associates 7 recognized the relationship between mild inspiratory flow limitation during sleep and excessive daytime sleepiness in adults. He termed the syndrome UARS. Subsequently, 9 we demonstrated that the symptoms and signs of patients with UARS differ from those of patients with moderate to severe OSAH. Patients with UARS differ by having a high prevalence of female sex, sleeponset insomnia, headaches, irritable bowel syndrome, and alpha-delta sleep. Taken together with the high prevalence of depression, gastroesophageal reflux, and bruxism that the 2 groups of patients with sleepdisordered breathing share, 9 it is evident that the symptoms and signs of UARS are those of the functional somatic syndromes. [31] [32] [33] In this preliminary study, we examined a sample of patients with a functional somatic syndrome, fibromyalgia; demonstrated a high prevalence of inspiratory flow limitation during sleep; and demonstrated an improvement in functional symptoms when inspiratory flow limitation was prevented with nasal CPAP. These findings add support to the hypothesis that inspiratory flow limitation during sleep plays a role in the development of the functional somatic syndromes.
